Drug resistance to Plasmodium falciparum contributes to major health problems in central Africa and, as a consequence, poverty. We have analyzed the efficacy of three currently available antimalarial drugs to treat symptomatic, uncomplicated P. falciparum malaria in semiimmune adults living in Bangui, Central Republic of Africa. 210 consecutive individuals were enrolled in the survey, of which 45 were excluded. Those having received dihydroartemisin proved significantly less parasitemic than those having received quinine per os or sulfadoxin-pyrimethamin (χ 2 = 16.93 ; p < 0.05), and 75 % recovered in two days compared to 57 and 44 %, respectively. The 25 % who did not recover benefited from a second cure with dihydroartemisin, which proved 100 % efficient. The most accurate protocol remains to be established by analyzing clinical and parasitological data and taking into account the economics of the country. 
Artecom ® has received recent and strengthened interest as it proved efficacy against multidrug resistant P. falciparum malaria in several parts of the world (Tran et al., 2004) . For instance, the dihydroartemisin component used consists of a composed molecule termed Artecom ® . Relapse (resistance of parasites) and concurrent re-infection with novel parasite allelic variants are the major events affecting the efficacy of antimalarial treatment (Djimbe et al., 2003) . The present investigation aimed at evaluating several drug regimens that can be used both in terms of efficacy and of availability and economics, to treat uncomplicated malaria in a holo-endemic malaria area corresponding to a very low-income country (actually amongst the poorest). The study was performed in Bangui, Central Republic of Africa (CRA). The drug efficacy readout was the respective % of consolidated recovery and relapses.
PATIENTS AND SURVEY
P atients enrolled in the present survey were comprised of a homogeneous population of male and female Africans residing in Bangui (ratio: M alaria is still a major health-threatening problem in sub-Saharan Africa and increasing resistance to anti-malarial drugs, along with the occurrence of multiple concurrent infections, seriously complicates this situation (Bentwich et al., 2000) . Several anti-malarial drugs were commonly used in Central Africa such as sulfadoxin-pyrimethamin, chloroquine and quinine. More recently, dihydroartemisin was included as a novel anti-malarial drug to treat uncomplicated malaria (White & Oliaro, 1998) . 0.7) aged 18 to 32. As Bangui is a holo-endemic area, patients (i.e. adults) were likely to be in the process of acquiring some degree of immunity to Plasmodium falciparum (the most prevalent species of Plasmodium ssp in the CRA). A study was conducted at the Hôpital Communautaire de Bangui (HCB) to evaluate treatment protocols to cure non-complicated (mild) malaria in adults; those treatments are expected to be (1) safe; (2) as cheap as possible ; and (3) suitable in a poor income country with some degree of political instability. The inclusion period was from May 2 nd to June 30 th , 2001, and the survey period was from May 2 nd to July 14 th . This period immediately follows the rainy season and spans the annual peak of malaria transmission. A total number of 210 individuals were enrolled consecutively at the time of admission to the emergency room of the HCB. Attendance of this clinic is intense in Bangui where there are few well-equipped hospitals where laboratory testing is possible. Criteria for enrollment in the study -in addition to age -were clinical symptoms evoking malaria (fever comprised between 37.5 and 39.5°C -axillary temperature ; polyarthralgia ; bilious vomiting ; cephalalgia ; dark urine). A summary of the survey is presented in Table I . Enrollment was achieved when malaria diagnosis was ascertained by the presence of haemo-parasites seen on thick smears, and Plasmodium falciparum was then secondarily identified and > 600 infected erythrocytes/mm 3 . Parasitaemia at admission ranged from 640 to 4,800 infected erythrocytes/mm 3 as calculated vs the leukocyte count (Table I) . NAMBEI W.S., GBAGBA F.E., NDÉMANGA J. ET AL. Upon admission to the clinics, one of the following treatments was randomly assigned to the patients in order to constitute three groups: -A) Artecom ® : 32 mg dihydroartemisin; 320 mg piperaquine ; 90 mg trimethoprim given every 8 h for one day -three doses in total -(Tonghe Pharmaceutical CO Ltd, Yuzhong Chongging, People's Republic of China and Aspharca, CRA).
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-B) sulfadoxin-pyrimethamin: 500 mg sulfadoxin and 25 mg pyrimethamin for a one-day treatment (IDA, The Netherlands).
-C) quinine: 500 mg per day, for five consecutive days (IDA, The Netherlands). Assignment to protocol A, B, or C was made on the basis of every arrival to the hospital. Randomization consisted of assignment of the one treatment every other three eligible patients and so on. Patients gave informed consent to enter a random therapeutic protocol (with no placebo branch). Of note, the present protocol was approved solely by the ad hoc Committee of the hospital, in the absence of a national Ethic Committee in the CRA. The forthcoming protocols will be presented for ethical approval both in the CRA and in France.
The first dose of each treatment was taken by the patient, under supervision, in the clinics. After one hour resting -and in the absence of vomiting -patients included in the multi-drug intake (the quinine and the Artecom ® branches) were provided with instructions for the rest of the treatment and were given the necessary tablets. In case of vomiting, a second dose of the initial treatment was given. Visits to the clinics were planned at day 1, 2, 3, 7 and 14; and blood smears were scheduled on days 3, 7 and 14. Axillary temperature and general symptoms were monitored at each visit. The protocol specified that the completion of treatment was needed even if the parasitaemia was cleared on day 1. Of important note, the survey could not be completed for every patient because of the 2001 military insurrection that affected the possibility of some patients complying with the initial survey schedule.
RESULTS
A
fter P. falciparum-malaria diagnosis confirmation and subsequent enrollment in the survey, 300 patients were eligible for this study, and actually 165 consecutive patients were enrolled ; 54 patients received Artecom ® , 80 received sulfadoxinpyrimethamin and 31 received quinine orally. Differences within group constitution in numbers relies in the fact that more individuals enrolled in the Artecom ® and quinine groups were secondarily excluded from the survey because they did not fulfill the requirements i.e.: i) proven and single Plasmodium falciparum (vs other species such as malariae or ovale) malaria and uncomplicated malaria; ii) and foremost compliance to the treatment as the treatment length was not identical (sulfadoxin-pyrimethamin: one day ; Artecom ® : one day ; and quinine: five days). The follow-up of patients was monitored as described. It appeared stringent that compliance with treatment was not good in this population; this provided, per se, interesting information. Criteria for drug efficacy (recovery) were: body temperature at day 1 ≤ 37.5°C); disappearance of symptoms by day 1 ; persistence of an asymptomatic status on days 2 and 3 ; substantial decrease of parasitaemia. Criteria for drug inefficacy were the persistence or reappearance of clinical symptoms at day 2; persistence of parasitaemia. The outcome of parasitaemia in response to treatment is presented in Table II . As can further be seen in Table III , Artecom ® , sulfadoxinpyrimethamin and quinine induced, respectively: (i) about 95 %, 60 % and 65 % parasitaemia reduction score (Table III Patients who were not cured by sulfadoxinpyrimethamin (55.6 %) and quinine (42.8 %) were then systematically given Artecom ® orally on day 2. Efficacy of Artecom ® was then monitored on day 3 and proved efficient in all cases with parasitaemia counts dropping from > 100-3,600/mm 3 (sulfadoxin-pyrimethamin) and > 360-460/mm 3 (quinine) to 0-100/mm 3 . Of note, secondary relapses were treated with quinine IV.
Artecom ® thus appears efficient in first (95 %) or second attempts (100 %) to treat symptomatic, uncomplicated malaria in adults living in Bangui. Notes: * (no symptom of precocious therapeutic failure) stands for the absence of symptom evoking complication at d1-d3 (presence of parasitaemia at d3, augmentation of parasitaemia at d3 vs d0, parasitaemia with axillary temperature > 37.5°C at d3) ; ** ( no symptom of late therapeutic failure) stands for the presence of axillary temperature > 37.5°C between d4 and d14, or symptoms evoking complication after d3.
DISCUSSION
T he present study consisted of an efficacy trial of three anti-malarial drugs or drug associations: it not only compared the initial parasite clearance time but also several clinical and biological parameters overtime. Obviously, however, there was a substantial discrepancy between all three groups having been constituted for the trial. We propose two reasons: (1) one protocol consisted in a one-dose treatment for which compliance was obviously excellent, while the other two protocols consisted of multidose drugs and certain individuals did not comply with the protocol ; (2) by the end of the inclusion period, severe political trouble occurred in the CRA and especially in Bangui, preventing patients from complying with the visit schedule: several patients disappeared (not attending visits on days 1, 3, 7 and 14). However, the sample size was suitable with WHO requirements for drug efficacy trials: for example -if P stands for the estimated failure index for a given drug in a given country, with a confidence interval of 95 % and a variable precision degree referred to as d (WHO, 1996) -P Artecom = 0.15 and d Artecom = 0.1, then the number of cases necessary for a survey (N Artecom ) is 49 as read on the WHO abaque (N sulfadoxin-pyrimethamin is 81, and N quinin is 35). Thus, despite a number of missing patients and non-completion of enrollment in the present survey, the number of patients in each group is suitable for an efficacy comparison between drugs according to WHO. This study confirms the extent of drug resistance to P. falciparum, especially to sulfadoxin-pyrimethamin and -to a lesser extent -to quinine as a consequence of gene mutation, antigen variability and allelic variation, caused by drug memory pressure and/or inappropriate drug use, which is not uncommon in febrile episodes in malaria endemic countries and especially in Africa (WHO, 1996) . However, uncomplicated malaria can still be commonly treated orally and the use of Artecom ® has substantially improved the outcome of uncomplicated P. falciparum infections in the CRA. It is not clear whether quinine given orally must still be used in a first attempt with Artecom ® being given in cases of relapses (Adjuik et al., 2004) , because this protocol would lead to 100 % recovery compared to 75 % in case of Artecom ® first and also because quinine is considerably cheaper than Artecom ® (1 US $ vs 3.32 US $; sulfadoxin-pyrimethamin costs 2 US $ in the CRA). As Artecom ® fails to cure 25 % of adult individuals presenting with mild malaria in Bangui, it remains to evaluate whether the systematic use in a first attempt of a protocol based on a combination of Artecom ® and quinine, which would be expected to lead to complete clearance of parasite in such a population of semi-immune individuals (our ongoing survey), as there is indication that drug use interferes with naturally acquired immunity (French et al., 2001 ). As it is well known that artemisin-containing drugs lead to rapid reduction in initial parasite burden (Kyle et al., 1998) , it would have been useful to continue the follow-up until day 7 or 14 without re-treatment to ensure the absence of relapse, which is planned in a forthcoming study. It also remains to evaluate the actual best strategy to cure younger individuals who cannot be considered semi-immune and pregnant women who consistently lose any protective immunity to P. falciparum. Despite the fact that such studies seem relatively easy to perform in theory, drug accessibility in countries such as the RCA is severely impaired by one of the poorest economics in the world and by occasional political constraints, while the population is heavily exposed not only to P. falciparum (and other ssp.) malaria but also severe concurrent infection (such as tuberculosis, HIV/AIDS, etc.) which -each -may affect natural and/or specific immunity to each other, rendering therapeutic and/or prophylactic vaccines absolutely necessary.
